Background: Anaerobic meningitis is mainly caused by Bacteroides fragilis and it is rarely detected in children. Few cases have been reported and there is usually an underlying cause. The timing of early recognition is crucial because any delay in the diagnosis and initiation of appropriate antimicrobial therapy has a devastating outcome. Only 14 cases have been reported in 50 years. To the best of our knowledge, the present case is the first to be reported in Saudi Arabia with no underlying etiology. Case presentation: We describe a 35-day-old male infant with culture-negative pyogenic meningitis who did not show satisfactory response to the empirical antibiotics, consequently, he developed severe subdural/epidural empyema and ventriculitis. When the drained empyema was cultured anaerobically, B. fragilis was detected and the patient improved after treatment with metronidazole combined with adjuvant surgical drainage of the empyema, and he finally had hydrocephalus. No underlying etiology was found to explain his infection. Conclusion: B. fragilis is an uncommon cause of meningitis that requires a high index of clinical suspicion. Any pyogenic cerebrospinal fluid with negative culture should draw the attention of physicians to an unusual organisms such as anaerobes because early identification and initiation of appropriate antimicrobials can prevent long-term morbidity and mortality.
Introduction
Bacteroides species are pleomorphic, non-spore-forming, facultative anaerobic Gram-negative bacilli. Bacteroides spp. are part of the normal flora of the mouth, gastrointestinal tract, and female genital tract, but they can cause infections as opportunists [1, 2] . Endogenous infection can occur due to aspiration, bowel perforation, and damage to mucosal surfaces caused by surgery or chemotherapy [3] . Infections are usually polymicrobial [4] . Invasion of the bloodstream can lead to meningitis, endocarditis, and osteomyelitis. Neonatal infections including conjunctivitis, pneumonia, and meningitis are rare occurrences, where the predisposing factors include maternal chorioamnionitis, gastrointestinal sepsis or surgeries, congenital anomalies such as meningomyelocele, anorectal anomalies or fistulas, ventriculoperitoneal shunt infection, and upper respiratory infections, including otitis media.
Diagnosis is based on presumptive clinical suspicion and Gram staining findings, and the confirmation of diagnosis relies on culture under anaerobic conditions [4, 5] . Bacteroides spp. can be reliably identified with new techniques such as 16S ribosomal ribonucleic acid gene sequencing [5] . Metronidazole, a beta lactam/ lactamase inhibitor combination, and carbapenem are the preferred therapies [3, 6, 7] . Abscesses should be drained when feasible and necrotizing soft tissue should be debrided surgically. Cure rates of up to 80% have been reported [5] .
In this study, we describe a case of B. fragilis meningitis in an infant from Saudi Arabia with severe complications. This report should alert physicians to this unusual treatable conditions in order to prevent long-term morbidity and mortality.
The case
A 35-day-old infant was admitted to King Fahad Medical City;
Children Specialized Hospital with a history of fever for 7 days duration, which was low grade initially and treated only with an antipyretic. One day before admission, the fever became high grade, where it was associated with poor feeding and reduced activity, but no other constitutional symptoms. The infant is a product of full-term spontaneous vaginal delivery and he was admitted to the nursery for a few days as a case of neonatal jaundice, which was treated only with phototherapy. The maternal history included recurrent urinary tract infections (UTI), which were not documented as positive urine culture and they were treated with oral antibiotics. The group B streptococcus test result was not known for the mother. There was no history of maternal fever, prolonged rupture of membrane (PROM), or chorioamnionitis during the last trimester.
Examination upon admission revealed a sick-looking infant who was febrile, conscious, and alert. The anterior fontanelle was at the level and no focal neurological deficits were detected. A subsequent clinical examination obtained unremarkable findings. The infant's renal profile and other chemistry findings were within normal limits.
Laboratory findings
A full septic workup was conducted and lumbar puncture detected cerebrospinal fluid (CSF), which was turbid in color, where WBC ¼ 1641 cells and these were predominantly neutrophils (60%) and CSF glucose 1.8 mmol/l protein ¼ 2.9 g/l. CSF culture was negative after three days. Blood culture and urine culture were also negative.
The infant was started empirically on ampicillin and cefotaxime. At 3 days after admission, his temperature continued to spike and frequent attacks of focal seizures started, so antiepileptic medication was provided. The Infectious Diseases (ID) service was consulted and they advised vancomycin and computed tomography, with suspicions of complicated meningitis, but no intracerebral collections or abnormal enhancement were detected Fig. 1 .
Repeated lumbar puncture on day 7 determined: WBC ¼ 4 cells, glucose <0.11 mmol/l, protein ¼ 2.03 g/l, and negative culture again. The infant's condition did not show any improvement in terms of the fever pattern or seizures. Cefotaxime was replaced with meropenem according to advice from the ID service.
Magnetic resonance imaging was conducted on day 10, and extensive ventriculitis and subdural empyema were detected (Fig. 2) .
Empyema was drained by a neurosurgeon through a burr hole and pus culture again failed to isolate any organism. The infant remained afebrile for 5 days post-drainage, but his temperature spiked again with the recurrence of empyema. A second evacuation was planned plus insertion of external ventricular drainage. The ID team suggested sending the pus specimen in a blood culture bottle to increase the culture yield and to request anaerobic culture on this occasion. Two days later, the culture was positive for anaerobic Gram-negative bacilli and Bacteroides fragilis was identified. The isolated was metronidazole sensitive, beta lactamase positive, and intermediately sensitive to meropenem. Thus, metronidazole was added to the previous antibiotics (meropenem and vancomycin). After 1 week, the infant underwent a third evacuation of the septated empyema via craniotomy.
After starting metronidazole and the third evacuation, the fever subsided, activity improved, and the seizures were controlled. Antimicrobial therapy was continued for a total of 8 weeks. Repeated brain magnetic resonance imaging at the end of treatment indicated significant improvement with resolution of most of the extra-axial and subdural empyema. Only thick reactive dural enhancement, small remnant foci with ependymal enhancement at the occipital horn of the right lateral ventricle, and a large pro-encephalic cyst on the left frontal lobe remained, which resulted from ischemic changes in the posterior cerebral artery (Fig. 3 ) (see Fig. 4 ).
The infant was assessed by the immunology team to exclude any immunological disorders and his primary immune workup was unremarkable.
Finally, a ventriculoperitoneal shunt (V-P) was inserted plus endoscopic fenestration of the cyst (Fig. 4) . A hearing assessment was conducted at the end of therapy and near normal hearing was found in both ears. The infant was discharged as stable and planned for follow-up by a multidisciplinary team, including those from infectious diseases, neurosurgery, neurology, physical therapy, and audiology subspecialties. He was seen regularly in planned clinics. At the age of 1 year, he passed all hearing assessments and his development was consistent with 9 months of age. He had hydrocephalus with a functioning V-P shunt.
Discussion
Subdural empyema, ventriculitis, and intracranial abscesses are the most common complications of meningitis caused by anaerobic organisms such as B. fragilis. Less than 100 cases of B. fragilis meningitis have been reported previously in adults and children [5, 8] . Most of the reported cases were from the 1970s up to the 1990s, with few in the last decade, which might be explained by the widespread use of carbapenems such as meropenem (which obtained United States Food and Drug Administration approval in 1996) as empirical therapies for treating critically ill patients. Thus, the missed anaerobic cases were treated empirically and passed as undetected. Unfortunately, our reported case had intermediate sensitivity to meropenem, which led to the failure of empiric treatment. The underreporting of such cases might have contributed to their scarcity in previous studies.
Over a period of 40 years, only 20 cases of anaerobic meningitis were described in a review by Tarnvik in 1986, where eight of them were caused by B.fragilis. [9] . Similarly, Feder reviewed nine cases of B. fragilis meningitis reported before 1987, where seven of them were premature infants, two died, four ended with neurological complications, and only three survived with no sequelae [6] .
Between 1963 and 2010, only 14 cases of B. fragilis meningitis were reported and nine (75%) had significant neurological sequelae [3, 7] .
In Saudi Arabia, the first case of B. fragilis was mentioned in a study performed during 1981 in a tertiary hospital in Riyadh, where the etiological causes of neonatal septicemia were described over a period of 4 years from 1976 to 1980 [10] . A premature neonate with PROM for more than 36 hours and birth asphyxia developed B. fragilis septicemia and meningitis. Based on previous reports, the current case is the second to be reported with B. fragilis meningitis and the first with no predisposing factors.
In most of the reported cases, an underlying etiology that predisposed toward B. fragilis infection was determined, such as abdominal sepsis and perforation, V-P shunt insertion [6] , or postmeningocele repair [1] . By contrast, no clear focus of infection was identified in our case, i.e., no abdominal source of infection, no anatomical defects according to detailed clinical examinations, and no immunological disorders, and the only risk factor was the presumed maternal UTI.
However, anaerobic infections of the central nervous system still need to be considered, even in very young infants without predisposing factors, as described in some case reports.
Carapetis reported a similar case to our case, where an infant with B. fragilis meningitis and brain abscess presented with fever and convulsion. No clear origin of infection was found [7] . The second case reported by Law was a 12-year-old boy who was previously healthy, but developed anaerobic meningitis complicated by brain abscess caused by Streptococcus species, and no primary source was identified based on repeated evaluations [8] .
Infections are sometimes polymicrobial. Thus, Ganeshalingham described a case with Escherichia coli meningitis who failed to respond to antibiotics, but the culture-negative purulent CSF alerted them to the presence of an anaerobic infection, thereby prompting a search for poly-microbial meningitis. Unfortunately, the infant passed away and B. fragilis was isolated 3 days post-death [4] . In another tragedy, Odugbemi reported a 6-year-old boy with chronic otitis media who was admitted with meningitis and ear discharge. He had pyogenic, culture-negative CSF, and was positive for Providencia rettgeri from the ear. He was treated with cefotaxime and gentamicin but with no response. On day 13, a second CSF was obtained and cultured anaerobically, which yielded B. fragilis, so he was started on metronidazole but unfortunately died on the second day after starting on metronidazole [11] .
Therapy should be broadened to cover other polymicrobial possibilities when detecting anaerobes. In our case, despite the detection of B. fragilis, treatment with meropenem and vancomycin continued but with the addition of metronidazole.
The timing of early recognition and initiation of appropriate therapy is crucial for preventing complications. Most cases ended with hydrocephalus and V-P shunt insertion even after starting treatment with metronidazole, which is similar to our case scenario.
By contrast, early detection of the organism and the initiation of metronidazole lead to full recovery with no significant morbidity or mortality. Law reported a preterm neonate with a B. fragilis scalp infection and meningitis who was successfully treated by the early administration of metronidazole and no neurological disorders were noted on follow-up [12] . This case emphasizes the importance of keeping a high index of clinical suspicion in such cases because CSF is not routinely cultured for anaerobes.
In terms of management, all previous studies agreed on metronidazole as the drug of choice because of its bactericidal effect, and the fact that it reliably penetrates CSF and abscesses [8,12e14] . Other treatment options include carbapenems or a beta lactam/beta lactamase inhibitor combination. Carbapenems are highly effective with only 1.1e2.5% resistance by B. fragilis in a multicenter survey conducted in the United States, where only one case was found to be resistant to metronidazole [15] . A Canadian surveillance study reported 99.7% susceptibility to metronidazole and 97.7% to imipenem [16] . The duration of treatment is usually 14 days for uncomplicated meningitis but longer for ventriculitis or abscesses at up to 6e8 weeks, and ideally until complete resolution of the abscess contents.
The outcome is usually variable if anaerobes are not identified early. In a review, Tarnvik reported that 25% died, 30% recovered entirely, and the remainder ended with significant sequelae. The anaerobic culture of CSF should be considered if no growth occurs in aerobic culture, particularly if accompanied by an inadequate response to standard empirical therapy for meningitis, or if meningitis occurs as a complication of otitis media or sinusitis or in a compromised newborn [9] .
Mortality and long-term morbidity can be reduced through early recognition and the initiation of appropriate therapy combined with necessary surgical interventions.
Conclusion
Anaerobic meningitis is rare but it seems to be underdiagnosed and it should be considered in the differential diagnosis when faced with an unusual presentation or inconclusive microbiological results, such as unexplained culture-negative pyogenic meningitis.
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